INTRODUCTION
Breast cancer is the most common malignant disease in the female population. Significant psychological, social, and sexual morbidity can follow mastectomy for treatment of breast cancer owing to the realization of the life-threatening disease as well as impaired body image [1] . Breast reconstruction improves the patient's self-confidence after the loss of a breast from cancer or trauma [2] . Of the breast reconstructions using autologous tissue, the most commonly used flaps involve a deep inferior epigastric perforator (DIEP) flap or free muscle-sparing transverse rectus abdominis myocutaneous (MS-TRAM) flap, both of which allow a sufficient volume of tissue. However, owing to the long transverse scar between the anterior superior iliac spines (ASIS), patients hesitate to choose breast reconstruction using a free MS-TRAM or DIEP flap. Furthermore, for a traditional reconstruction using a free MS-TRAM flap, the donor site must be dissected to the subcostal area in order to close the wound after elevating the flap and form the neo-umbilicus. As a result, there is an increased risk of donor site morbidity, such as pain, hematoma, or seroma. Moreover, a significant amount of the flap is discarded.
In an attempt to address these shortcomings, we developed a novel method using a mini-abdominoplasty for flap elevation, and Background One of the most common breast reconstruction techniques that uses autologous tissue is the free muscle-sparing transverse rectus abdominis myocutaneous (MS-TRAM) flap. However, patients hesitate to choose this method because of the long transverse scar between the anterior superior iliac spines. Furthermore, traditional reconstruction using a free MS-TRAM flap entails donor site morbidities such as pain, hematoma, or seroma. Here, we introduce a mini-abdominoplasty-designed free TRAM flap with flap beveling, which can be a good method for breast reconstruction in Asian patients who have small breasts. Methods Breast reconstruction with free MS-TRAM flaps using the mini-abdominoplasty design and flap beveling was performed in 10 patients following mastectomy. Patient age, presurgical brassiere cup size, tumor type, operation type, excised breast weight, elevated flap weight, flap weight used for the breast, recipient vessel, operation time, day that the abdominal drain was removed, and complications associated with both the flap and donor site were documented for all flaps and patients. Results For all 10 mini-abdominoplasty-designed free TRAM flap procedures, no flap loss or donor site morbidity was noted over a mean follow-up time of 16 months. Conclusions The mini-abdominoplasty-designed free TRAM flap can safely and satisfactorily be implanted for the reconstruction of mastectomy defects. It can transfer the lower abdominal skin and subcutaneous tissue for breast reconstruction with minimal donor site scarring and morbidity, especially in Asian patients, who generally have smaller breasts.
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No potential conflict of interest relevant to this article was reported. we beveled the flap to contain more perforators and minimize abandoned flaps. The mini-abdominoplasty technique is intended to minimize donor site scar length and other morbidities. With regard to the donor site, recent reports focused on the abdominal sequelae associated with the strength of abdominal wall [3] [4] [5] . The aesthetic results at the donor site were rarely evaluated in most studies. We therefore sought to study the mini-abdominoplasty technique and evaluate donor site outcomes. Asian patients, who tend to have smaller breasts, can be good candidates for free flaps using a mini-abdominoplasty design to achieve sufficient volume without an evident long scar.
METHODS

Study design
This study is a retrospective review of 165 consecutive breast reconstructions performed in 161 patients with free MS-TRAM flaps, a mini-abdominoplasty design, and flap beveling following mastectomies undertaken at our institute between January 2013 and January 2014. Patient charts were reviewed for the following variables: patient age, presurgical brassiere cup size, tumor type, operation type, excised breast weight, elevated flap weight, flap weight used for the breast, recipient vessel, operation time, day that the abdominal drain was removed, and complications associated with both the flap and donor site.
Surgical technique
Patients appropriate for the mini-abdominoplasty design were selected based on preoperative physical examinations and volume assessments. Preoperative breast volume was assessed using magnetic resonance imaging [6] , and preoperative abdominal volume -from the umbilicus to the symphysis pubis -was estimated using ultrasound and AutoCAD (Autodesk, Inc., San Rafael, CA, USA) [7] . The selection criteria for the mini-abdominoplasty design were as follows: abdominal volume that was twice the breast volume, mild to moderate skin laxity, excess tissue at the lower abdomen, and a sufficient distance ( > 20 cm) between the symphysis pubis and the umbilicus.
Preoperative markings were performed in the office 1 day prior to the operation, with the patient in the upright position. The mark for the lower abdominal incision was located on the superior aspect of the pubic hairline and laterally approached the ASIS with a gently sloped curve; however, it did not reach the ASIS. The mark for the upper abdominal incision line took into account the fact that the flap skin to be elevated usually encompasses approximately one-third to one-half of the height of the skin between the pubis and the navel. With a greater flap skin size, relocation of the umbilicus might be necessary. The key aspect of the design is to minimize the amount of skin in the flap while still providing enough skin to cover the defect. To avoid a dog-ear scar and unnecessary scar length, a lateral incision with an elliptical upper border and lazy-S shaped lower border was made. The scar is designed to be concealed by underwear. After marking the flap outline, the deep inferior epigastric artery and perforators were mapped using multidetector computed tomography (MDCT) angiography, and placement of the perforators within the designed flap was confirmed.
In the operating room, a team of general surgeons performed the mastectomy. The exact amount of the total breast skin to be excised was estimated using a sheet of paper that illustrated the skin incision performed by the general surgeons. After the mastectomy, the draping was changed, and the breast reconstruction was performed immediately. First, the flap tissue was elevated, and the incision was made as designed. Then, the subcutaneous tissue was dissected. During this procedure, a technique called 'beveled dissection' was performed to reduce the tension force applied to the abdomen; the upper portion of the abdominal subcutaneous tissue that contained a sufficient number of perforating arteries was included in the flap tissue at a greater proportion than the abdominal skin tissue. At the same time, the lower portion of the abdominal subcutaneous tissue that contained a relatively lower number of perforating arteries was left at the donor site (Fig. 1 ). This enables a maximum number of perforating arteries in the flap tissue with the least amount of skin tissue.
After the incision and subcutaneous bevel dissection, the flap was elevated in the same manner as a routine harvest of MS-TRAM flaps. The internal mammary artery and vein were chosen as the recipient vessels. Arteries and veins were anastomosed using interrupted 9/0 or 10/0 nylon sutures. The flap was tailored to the proper size and inset. The breast incisions were closed in a standard layered fashion using 3-0 and 4-0 monofilament absorbable sutures and 5-0 monofilament non-absorbable sutures. After insertion of a closed suction drain, the abdominal incision was closed in layers, with the use of interrupted 2-0 absorbable monofilament sutures to approximate the superficial fascia system, followed by interrupted 3-0 and 4-0 monofilament absorbable sutures. The skin was closed by interrupted 4-0 monofilament non-absorbable sutures. The final scar was placed above the pubis, and the umbilicus did not have to be moved.
RESULTS
Patient demographics
Of the 165 consecutive free MS-TRAM breast reconstructions performed in 161 patients, 10 breasts in 10 patients were reconstructed using the free MS-TRAM flaps with a mini-abdominoplasty design and flap beveling (mean age, 46.5 years; range, 38-58 years) and were included in this study (Table 1) , with a mean follow-up of 16 months (range, 10-24 months). The breast reconstruction was immediate in eight patients and delayed in two patients. Breast-conserving surgery was performed in one patient, total mastectomy in Cesarean section. BMI, body mass index; IDC, infiltrating ductal carcinoma; DCIS, ductal carcinoma in situ; BCS, breast-conserving surgery; TM, total mastectomy; NSM, nipplesparing mastectomy; SSM, skin-sparing mastectomy. two patients, nipple-sparing mastectomy in three patients, and skin-sparing mastectomy in four patients. The breast sizes before mastectomies ranged from 70A to 75B, with a cups accounting for nine (90%) pairs of breasts and B cup for one (10%) pair of breasts.
Intraoperative details
The intraoperative details are shown in Table 2 . The mean wasted flap volume was 61.1 g (range, 8-126.5 g). In all groups, the recipient vessels used for the anastomoses were the internal mammary artery and vein. The mean operation time was 4.5 hours (range, 4-5.5 hours).
Complications
All free MS-TRAM flaps with a mini-abdominoplasty design and flap beveling were viable without necrosis. Wound healing was not complicated by wound dehiscence, hematoma or seroma formation, or abdominal hernia. The drain was removed when the drained volume was < 20 mL per day, resulting in an average duration of 4.1 days (range, 3-5 days). The abdominal transverse scar was located above the level of the symphysis pubis so that it could be concealed by underwear. No scar was made at the umbilicus, and the position of the umbilicus remained stationary. Furthermore, no donor site morbidity was observed.
DISCUSSION
Breast reconstruction with TRAM flaps has shown excellent outcomes and has become the technique of choice compared with latissimus dorsi (LD), superior gluteal artery perforator (S-GAP), and superficial inferior epigastric artery (SIEA) flaps. TRAM flaps can reconstruct larger breasts than LD flaps, which are very versatile and reliable flaps that were first used for breast reconstruction in 1986 by Tazini [8, 9] . TRAM techniques have evolved in an attempt to reduce the morbidity of the abdominal wall and improve the aesthetics of the reconstructed breast [10] . Regarding donor site morbidity, previous studies have indicated that the excised amount of the rectus muscle and anterior rectus sheath is minimized and complications such as abdominal bulging or herniation are decreased with TRAM flaps [11, 12] . Furthermore, limited undermining can reduce complications associated with abdominal wound healing [13] . The mini-abdominoplasty design was suggested to further reduce these donor site morbidities. By elevating the smallest possible amount of flap tissue, reductions are possible in the range of dissection, resection of muscle and fascia, and amount of skin tissue to be excised. Therefore, the tension force applied on the abdomen is minimized. As a result, no donor site morbidities were observed in this study.
In this study, all flap tissue was viable without necrosis. Recent reports show that more perforators are located in the superior quadrant than in the lower quadrant [14] [15] [16] . Therefore, to maximize the viability of the flap tissue, the flap contains more of the upper portion of the abdominal subcutaneous tissue, which contains a sufficient number of perforating arteries. Meanwhile, the lower portion of the abdominal tissue is left at the donor site to minimize the tension force applied on the abdomen. This is referred to as the 'beveled' dissection technique, which enables a sufficient number of perforating arteries to be included in the flap tissue as well as the disconnection of the distal part of the perforating arteries located in the upper portion of the abdominal subcutaneous tissue. The MS-TRAM technique not only harvests at least three to four perforating arteries in each flap tissue but also directly links blood vessels that existed between the perforating arteries [17] . This results in greater chance of flap survival because the flap tissue consists of a greater number of perforating arteries with disconnected distal ends.
In addition, imaging techniques such as MDCT angiography facilitate the preoperative decision regarding which perforators are most suitable, reducing the stress and time spent by the surgeon in choosing the perforator and enabling safe ligation of the other perforators [18] . Using MDCT angiography to confirm the perforators in the designated area preoperatively, we used the internal mammary vessels as the recipient vessels, which provide freedom of movement of the flap. Because the internal mammary artery has good flow compared with the thoracodorsal artery, it can act as a reliable recipient vessel [19] .
Ideal candidates for breast reconstruction with a free TRAM flap using the mini-abdominoplasty design are patients who undergo a mastectomy and are displeased with their lower abdominal contour, not obese, have excess abdominal tissue confined to the lower abdomen, and are small to medium breasted. Contraindications are large breasts and large defects. The mini-abdominoplasty design should not be used with women who are obese or have ex- cessive soft tissue in the upper abdomen. Therefore, each patient needs to be carefully assessed to determine the appropriate procedure [20] . A free TRAM flap using a mini-abdominoplasty design and flap beveling is well suited for Asian women, who, in comparison to women of other races, have relatively smaller breasts and lower incidence of obesity. We did not move the position of the umbilicus, with the aim of reducing the scar size and minimizing the extent of dissection. However, this is also problematic because the amount of harvested flap tissue limits the surgical indication to women with small breasts and smaller body mass indices. To overcome this problem, umbilical transection [21] could be performed during the elevation of the flap tissue. In this way, a scar would not develop around the umbilicus, the range of dissection would be minimized, and most importantly, a greater volume of flap tissue could be harvested.
The most significant superiority of this design is the reduced length of abdominal scars and the avoidance of periumbilical scars. No patients developed hypertrophic donor site scars or other complications. All 10 patients showed high level of satisfaction after the procedure using this design.
Cases of immediate reconstruction after the total mastectomy and cases of delayed breast reconstruction were included for this study. The included patients had small breast sizes and minimal skin requirements for the reconstruction. With no differences in the surgical procedures, all patients went through reconstructions successfully with the new design.
This study has some limitations. First, the study was retrospective in nature, and the sample size was small. A larger sample size and longer follow-up are needed to lend additional support to the conclusions. Although the present study shows that the bevel dissection technique is beneficial for the viability of the flap tissue, additional scientific evidence is needed.
Nevertheless, in light of these considerations and our practical experiences, autologous breast reconstruction with a mini-abdominoplasty-designed free TRAM flap with flap beveling transfers the lower abdominal skin and subcutaneous tissue, resulting in an aesthetically pleasing breast reconstruction with minimal donor site scarring and morbidity, especially in Asian patients, who tend to have smaller breasts (Fig. 2 and 3 ).
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